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[57] ABSTRACT 

In a communicatioo system, the eneigy of each bit of the 
iaputted InfoimatioD bit string is di£fused over the whole 
frequency band of the orthogonal carries, and the energy of 
the plural bits is multiplexed onto each orthogonal carrier. 
As a result, even though frequency selective fading has 
occurred attenuation value of the energy of each bit is some 
remarkable degrading of the error rate can be alleviated, and 
changing of the data rate can be easily accommodated by 
modifying the number of the code multiplexing. In this way. 
a communication system can be realized which is able to 
alleviate the performance deterioration due to frequency 
selective fading, and to easily cope with a modification of 
the data rate. 
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TRANSMITTER AND RECEIVER FOR 'H^is OFDM system has such a feature that the length of 

ORTHOGONAL FREQUENCY DIVISION symbol is long (fw instance, several tens ImSJ) because 

MULTIPLEXING SIGNAL plural orthogonal carriexs are used concurrently, and so it is 

little influenced by intcr-symbol intoference based on mul- 
BACKGROUND OF THE INVENTION 5 tipath. Particularly, if guard-time is inserted among symbols 

subsequently to inverse Fourier transfonnation on the trans- 
Description of the Related Art mitting side, then die influence can be perfectly eliminated. 

, . so it can be said that it is an extreniely well suited comrau- 
Heretofore, there has been proposed the orthogonal fire- ^ication system for mohUc communication, 
quency division multiplexi^ system (OroM)as a mobile ^ ^^^^ 

comnaunicauonsystemfortmnsmimngdauwithahighd^^ 10 frequency bandwidth of each carrier is naiiow. influence 
rate. In this system, plural orthogonal earners whose p^ses ^^^^ 
are mutuany orthogonal are used concurrency to perform fluctuation of received power) become large, hence 

digital modulation of mformaUon data, and then modulated ^^^^^^^ characteristics such as error rate are greatly 
signal IS transmitted TTiis system is used in a digital radio ^^^^^^^^ ^ t^e OFDM system has such 

broadcastmg in Europe which is r^erred to as digital audio 13 ^^^^ ^^^^ ^^^^^ narrow-band and so it is 
broadcast (DAB), and ako expected as a ttansmitung system ^ influenced by fading, even though it has such features 
of the next generation high-definition television. influence of multipath delay can be ignored because 

Hereupon, the OFDM system is explained referring to ^^ symbol length is long, and an equalizer is not needed. 
FIGS. 1 and 2. ^ jj^s point explained with reference to FIG. 3. FIG. 3 

In an OFDM system transmitting apparatus 1, information shows which bit of energy is contained in each carrier, in the 
data (infOTmation bit string) SI which is to be transmitted is where BPSK is used as tiie modulation system. As 

first inputted to a serial-parallel converter (S/P) 2, as shown shown in FIG. 3, only one bit of energy is contained in each 
in FIG. 1. The serial-parallel converter 2 converts the cairier.Therefore, when energy of a certain carrier has been 
inputted infcrmation data SI into parallel dato strings, in ^ attenuated because of frequency selective fading, the error 
accordance with the modulation multivalued number. In this j.^^^ ^ bit which is sent through the vary carrier become 
connection, if the modulation system is binary phase shift remarkably large, and the oror rate of the whole frequency 
keying (BPSK) (hen the modulation multivalued number band is largely influenced too. 

becomes **r, and if it is quadrature phase shift keying in the case of the OFDM systeia the data rale is deter- 
(QPSK) then die modulation multivalued numb» becomes ^ ^ ^^e number of carriers, therefoit, if it is desired to 

'*2". and if it is S-phasc phase-shift keying (8-phase PSK) change tf\e data rate, changing of the number of carriers is 
then the modulation multivalued number becomes «3", and needed. At this time, the transmission bandwidth varies due 
if it is quadrature amplitude modulation (16 QAM) then the changing of the number of carriers, hence the perfcw- 
modulation multivalued number becomes "4", j^^^^e will be deteriorated unless the bandwidth the filter 

A modulator 3 produces orthogonal phase signals accord- 33 ^hidi is utilized for the transmitting apparatus and the 
ing to the stated modulation system, on the basis of the receiving apparatus is changed. Thus, in the OFDM system, 
inputted parallel data strings. This orthogonal phase signals there is a problem that it can not easily cope with a 
are inputted to a serial-parallel converter (S/P) 4, and modification of the data rate, 
converted, in this place, into parallel data strings in accor- qttmmaRY OF THE INVENTION 

dance with the numba of orthogonal carriers, 40 SUMMARY ut 1 Hb in vmuuiN 

An inverse Fourier transformer (IFFT) 5 transfOTns the ^ view of the foregoing, an object of the present invcn- 
inputtcd paraUel data strings into a signal of a time-base tion is to provide a comrminication system which is able to 
region, and outputs it as a transmission signal 82. This alleviate the performance deterioration due to frequency 
transmission signal S2 is converted into a signal which has selective fading, retaining the advantages of the OFDM 
the desired carrier frequency band in a frequency converter « system, and also be able to easily cope with a modificaUon 
6, and then amplified to the stated electric power in a of the data rate. 

hi^-frcqucncy amplifier 7, and radiated on flie air through The foregoing object and other objects of the present 
an antenna 8. invention have been achieved by the provision of the trans- 

On the other hand, as shown in FIG. 2, in an OFDM niitting apparatus that transmiU an orthogonal frequency 
system receiving mparatus 9, the reception signal which has so multiplex signal which is composed in such a way that the 
been received with an antenna 10 is amplified in a high- energy of each bit of the inputted information bit string is 
frequency an^lifier 11, converted into a base^band signal S3 throughout the frequency band of the orthogona^ 

by a frequency converter 12, and then inputted to a Fourier carriers, and the energy of the plural bits is multiplexed 
transfOTmcr (FFT) 13. The Fourier transformer 13 extracts toward each orthogonal earner. 

orthogonal phase components in respective orthogonal car- 55 Because the enwgy of each bit of the inputted information 
ricrs from the inputted base-band signal S3, and outputs the bit string is diffused throughout the frequency band of the 
extracted phase con:^nenU to a paraUel-scrial converter orthogonal carriers, and the energy of the plural bits is 
(P/S) 14. The parallel-serial converter 14 converts the input- multiplexed toward each orthogonal carrier, even though the 
ted plural orthogonal phase components into serial. A energy of tiie partial orthogonal carrier is lost owing to 
demodulator 15 performs demodulation with respect to the 60 frequency selective fading, attenuation value c( the energy 
orthogonal jrtiasc components which have been converted of each bit is little, and so it is able to aUcviatc remarkable 
into seriaL At this time, the daU whidi is obtained through degrading of the error rate. 

the demodulate 15 is a form of paraUel data strings (that is. Besides, in this case, since the plural bits are multiplexed 
information symbols) corresponding to the modulation mul- with respect to each orthogonal carrier, the data rate can be 
tivalued number; therefore, by converting it into a serial data 65 easily changed without a conventional modification of the 
string by means of a parallel-sciial converter (P/S) 16, the frequency band erf the filter and so on, by changing the 
information data S4 can be obtained. number of code-multiplexing. 
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The nature, pdndplc and utility of the invoition will arc exclusive to the respective code channels. Then, the 

become mort apparent from the following detailed descrip- parallel signal strings which have been multiplied by die 

don when read in conjunction with the accompanying draw- diJGEusion codes arc integrated to die amounts which corre- 

ings in which like parts are designated by like reference spond to the difiusion-oode lengths respectively, so that the 

numerals or diaracters. 3 information data is recovered on the basis of those which 

have been integrated 

BRIEF DESCRIPnON OF THE DRAWINGS jj, ^ connection, the products of the mult^lications of 

In die accompanying drawings: the first diffusion code which is common to the respective 

TTwn 1 • ui !^ J* ™« ok™.:«« rt.- ^»»fi^.».«f:,^« ^ftu^ diannels and exclusive to each system by the second 

FIG. 1 IS a block diagram sbowmg the connguration or the ..^ . . ... i . . .i. j 

♦^-^^i^^ ^^^a^r..?. diffusion codes which arc exclusive to the respective code 

conventional transmimng apparatus; ■ j *«. j ^r • j 

. ^ ^ . channels are used, as the diffusion codes. 

naiisablockdlagramshowingtheconfiguratioDoftfie ^^^^ ^ information of one bit is 

convenuonal receiving apparatus; ^ Xgonal carriers (that is. all orthogonal 

FIG. 3 is a schematic diagram showing the situation of the frequencies), and degrading of the error rate which is due to 

conventional energy distribution of each hit; is frequency selective fading can be aUeviated hereby. That is. 

FIG. 4 is a schematic diagram showing the orthogonal as shown in FIG. 5. energy of each bit (b^-b J is diffused to 

carriers used in die OFDM system; all carriers (f^-^J and dien transmitted. As to a particular 

FIG. 5 is a schematic diagram showing the situation of die carrier, various bits are code-multiplexed and stacked up. 

energy distribution of each bit according to die present Therefore, even diough die energy of partial cairien is lost 

invention: ^ owing to frequency selective fading* the attenuation value of 

FIG.61sablockdiagramshowingdiec<Mifigurationofdic «ergy erf each bU is Uttic, and so it is able to prevent 

transmitting apparatus according to die first embodiment; remarkable degrading of die errw rate. 

FIG.7isablockdiagramshowingdieconfigurationofdie P'^"^? muItipUcations of die Jfet 

receiving apparatus according to die first embodiment: 25 ^"^T ^ common to die respecuve c^ 

VT u ^ ^ A ^ channels and exclusive to cadi system by die second diffu- 

FIG.8isablockdiagramshowingdieconfigurationofdie ^ ^ ^^^j^^,^^ respective code 

diffusion-code generator; channels arc used as die diffusion codes, it is able to reduce 

FIG. 9 is a block diagram showing the configuration of die interfa-ence baween systems and die intCTference 

transmitting apparams according to the second embodiment; between code channels. 

^ Additionally, plural bits are multiplexed on the same 

FIG. 10 is a block diagram showing the configuration oi frequency using code-multq)lexing, therefore it is able to 

die receiving i^paratus according to die second embodi- change die data rate widiout a modification of die 

mcnt; bandwidth of die filter, by changing die number of code- 

DETAILEDDESCRIFnONOFTHE °=^t*^1^** u u ^ . irrr^ 

EMBODIMENT ^ ^' ' same reference numerals as FIG. 

1 on die portions carre^nding to those of FIG. 1. an 
Preferred embodiments of the present invention will be instantiated configuration of the transmitting apparatus 
described widi reference to die accompanying drawings: according to the embodiment is shown. As shown in FIG. 6, 
(1) The First Embodiment 4^ in the transmitting apparatus 20. die infonnation data (the 
In the OFDM system, transmission is performed using information bit string) SI is inputted to a serial-parallel 
plural orthogonal carriers MV^ch are mutually orthogonal as converter (S/P) 2. and dien. in this place, the information 
shown in FIG. 4. In die case of diis embodiment, electric data SI are converted into parallel data strings in accwdance 
power of information of one bit is diffused to cvay one of widi die modulation multivalued number. However, if die 
the orthogonal carriers (this is referred to as ^)ectrum 45 information data SI is originaDy parallel data strings in 
diffusion herein), and an approach which is called code- acccadance with the modulation system, then conversion- 
multiplexing is used, so diat inqirovement of the frequency to^araUcl is not needed. 

utilization factor is realized. In this connection, if the modulation system is binary 

That is, in die transmitting apparatus, an infonnation data phase shift keying (BPSK) dien die modulation multivalued 

(an infonnation bit string) is converted into orthogonal 50 number becomes "1", and if it is quadrature j^ase shift 

phase signals by a modulator, and dicn converted into keying (QPSK) dien die modulation multivalued number 

parallel data strings by a serial-parallel converter, and mul- becomes "2", and if It is 8-phase phase shift keying (8-phase 

tiplied by die diffusion codes which arc exclusive to die PSK) tiien die modulation multivalued number becomes 

respective daU strings. Then, die respective parallel data "3", and if it is quadrature anq)litude modulation (16 QAM) 

strings which have been multiplied by die diffusion codes 55 then die modulation multivalued number becomes "4". 

are added, and this is sequentially allocated to the respective A modulator 3 produces otthogonal phase signals (L Q) 

orthogonal carriers, and then subjected to inverse Fourier which are conesponding to the stated modulation system, on 

txansfcrmation, so diat a code-multiplexed signal of which the basis of the ii^tted parallel data strings. As an example, 

information data has been diffused throughout the frequency in the case where the modulation system is QPSK, 4-f>hase 

band is produced. 60 information is produced from 2-bit information. When the 

On the other hand, in the receiving apparams, the orthogo- produced orthogonal phase signals are represented in the 

nal phase components in die respective orthogonal carriers form of [I-conqwnent, (J-compooent], dien it becomes any 

are extracted by Fourier transfonnation, and dicn the one of [1, 1]. [-1, 1]. [-l.-l], and 11,-1). 

extracted orthogonal phase components are converted into The orthogonal phase signals (I, Q) which have been 
serial signal strings by means of a parallel-serial converter, 65 produced by die modulator 3 are inputted to a serial-parallel 

and diis is separated in accordance widi die number of die converter (S/P) 4 respectively, and then, at this place, 

code diannels. and mult^lied by die diffusion codes which converted into parallel data strings (I^ and Q|-I„ and Q„) in 



07/14/2004, EAST Version: 1.4.1 



5.757,766 

5 6 

accordance with the number of code-multiplexing (that is, conve rter 31, and then iiq)utte(l to a Fourier transformer 

the Dumber of code channels). In this connection, as used (FFT) 52. In this connection, the base band signals S20, S2l 

herein, conversion to parallel data stiings refers to perform- are ttiose which c<»iespond to the orthogonal frequency 

Ing scrial-to-paraUel conversion with respect to eadi of the multiplex signals SIO. SU in the transmitting apparatus 20. 

crthogonal phase signals. That Is, the l-cmnpoticat and Ihc 3 The Fourier transfOTmcr 32 extracts the orthogonal phase 

Q-component are respectively subjected to sciial-to-parallel conqxincnts in the respective orthogonal carriers and 

convenion. in accordance with the number of code dian- Qi'-i; and Q„0 from the inputted base band signals S20. 

. S21. and outputs the components to a parallel- senal con- 

" . * verter(P/S) 33. The parallel-serial converter 33 converts the 

Haeupon, a difiusicn code generator 21 generates diffu- inputted orthogonal phase components (Ii' and Qi'-I„' and 

sion codes (Ci-c„) which are exclusive to the respective code lo q^.^ ^^^q ^^^^ strings. That is. the paraUei-scrial 

channels. The difinsion codes (c^-c^) are supplied to mul- converter 33 performs serial conversion of the orthogonal 

tipUers (X^. and Xqi-X^„ and X^^) respectively, and then, components and Q;-I„' and Q„') individually, with 

in this place, multiplied by the orthogonal phase signals (Ii respect to each con^nent and then outputs the orthogonal 

and Qi-I„ and Q„) at every code diannel. In other words, ttie p^^^ components T. Q'. 

multqiUer X;^ multipUes the in-phasc componeat I^ by the 15 orthogonal phase conqwnents T, Q* are s^arated in 

diffusion code Cj. and the multipliCT X^i multipUes the accordance with the number of the code channels, and 

oathogonal component by the diffusion code c,. The supplied to multipUcrs (Y/i and Y^i-Y,, and Y^). 

multipycr X„ multipUes the in-phase component by me ^ division code generator 34. which is corresponding to 

diffusion code c^. and ttie imUtipber Xj^, muftiphes ttie ^^^.^^ generator 21 of the transmission side, 

OTthogonal con^wncnt by the diffusion code c^ The ^ generates diffusion codes (c,-cj which are exclusive to the 

multipUer X,„ multipUes the in-phase con^nent I by die respective code diannels. The diffusion codes (c^-c^) are 

diffiisioD code c„. and the multipUer X^ multiphes the ^ j.^ nuiltipUcrs (Y^ and Y^.-Y,, and Y^J 

OTthogonal component Q„ by the diffusion code c„. Thus, in respectively, and multipUed by the orthogonal phase com- 

a partioilar code channel, the respective conyxjnents arc ^^^^ j q. ^ multipUo" Y.^ multiplies the 

multipUed by the same diffusion code. ^ in^hase component T by the diffusion code c^. and the 

The outputs of the multipliers (X^ ^ and Xq^-X^^ and Xq^ multipHer Y^j multipUes the orthogonal component Q' by 

are inputted to adders 22. 23 in accordance wi& tfie dis- diffusion code C|. The multipUer Y^ multiplies the 

tinction of orthogonal phases, and added, respectively. That in-phase coirqxpncnt r by tiic diffusion code c^, and the 

is. In die adder 22, the outputs of tiie mult^>Uers X,|-X/„ ^ multiplier Y^ multipUes the orthogonal con^x>nent Q' by 

which are the I-components of tiie respective code channels ^he diffusion code Cj. The multipUer Y/„ imiltiplics the 

are added; and in the adder 23, the ou^uts of die multipUcrs in-phase corrqx>nent I by the diffusion code c„, and the 

Xgi-X^ which are the Q-components of the respective multipUer Yq^ multipUes the ortiiogonal component Q* by 

code dianneis are added. the diffusion code c„. Thus, the orthogonal phase compo- 

The output of the adder 22 is inputted to a serial-paraUel nents T, Q' are multipUed by the diffusion codes which are 

converter (STP) 24. and, in this {^ace. converted into pandld exclusive to the respective code channels, 

data strings in accordance with the number of orthogonal The ou^wts of tiic multipUcrs (Y^^ andYQi-Y,„ and Y^J 

carriers, and then suppUed to an inverse Fourier transformer respectively inputted to integrators Z^-^ in accordance 

(IFFT) 25 as the I-components of the respective orthogonal distinction of code channels, and then, integrated to 

carriers of OFDM. ^ the amounts which correspond to the difiiision-codc lengths. 

On die otha hand, the ou^ut of the adder 23 is inputted in accordance with the distinction of code channels. In this 

to a serial-paraUel converter (S/P) 26, and, in this place, case, tht respective integrators Zj-Z^. which have the 

converted into paraUel data strings in accordance with the configuration of 2^inputs and 2-outputs. integrate that which 

number of orthogonal carriers, and then supplied to the have been inputted, and then output them, independently, 

inverse Fourier transfarmer 25 as the Q-components of the 45 The results of integration of the respective code channels, 

respective orthogonal cairicis of OFDM. which are outputted firom the integrators Z^-Z^, are inputted 

The inverse Fourier transformer 25 jwoduccs orthogonal to a paraUel-serial convcatcr (P/S) 14 respectively, and then, 

frequency multy)lex signals SIO, SU from the suppUed converted into a serial signal string with respect to each 

phase infonnation of the respective orthogonal carriers (that component. In other words, in the parallel-serial converts 

is, the orthogonal phase components which are comprised of 50 14, the feUow I-con^nents out of the results of integration 

the I-components and the Q-con^xsneiits), and outputs the are converted into one serial signal string, and the feUow 

orthogonal frequency multiplex signals SIO, SU to a fre- Q-components out of the results of integration are converted 

quency converter 27. The frequency converter 27 converts into one serial signal string, so that the serial signal strings 

the inputted orthogonal frequency multiplex signals SIO, which are comprised of the orthogonal two components are 

SU into a signal of the desired carrier frequency band, and 55 outputted. 

outputs it as the transmission signal S12. The transmission This serial signal strings, which are comprised of the two 

signal S12 is inputted to a high-frequency anq>lifier 7, and orthogonal conqmnents, are inputted to a demodulator 15, 

an4>Ufied to the stated electric power, in this place, and then and demodulated at this place. At tills point, parallel data 

radiated on the air through an antenna 8. strings of plural bits (for instance, if it is BPSK then 1 bit 

On the olher hand, in FIG. 7. whidi has the same 60 if QPSK tiien 2 bits, if 8-phasc PSK tiien 3 bits, if 16 QAM 

reference numerals as FIG. 2 on die portions corresponding tiien 4 bits) are outputted from the demodulator 15 in 

to those of FIG. 2. a configuration is shown of a receiving accordance with the modulation multivalued number (that 

apparatus according to the embodiment As shown in FIG. 7, is, infonnaticn symbols are outputted). So, by converting 

in the receiving apparams 30, the received signal which has them into serial data strings with a paraUcl-serial converter 

been received with an antenna 10 is ampUfied to die stated 65 (P/S) 16, die inf<Mmation data S4 can be obtained which 

electric power by a high-frequency ampUficr 11. converted corresponds to the Information data SI of die transmitting 

into base band signals S20. S21 by means of a frequency side. 
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In the case where the modulation system is BPSK, &e 
output of the demodulator 15 is serial data strings, so there 
is no need of parallei-to-serial conversion, and the parallel- 
serial converter 16 is not required. 

The diffusion code generators 21 and 34 arc now 
explained, referring to FIG. 8. However, because the con- 
figuratioDs of the diffusion code generators 21 and 34 are the 
same, only Ihe dLQusion code generator 21 is explained here. 

As shown in FIG. 8, the diffusion code generator 21 is 
con^x^sed of a diffusion code generator D for generating the 
Arst diffusion code d^ which is exclusive to the individual 
system, diffusion code generatoi^s E|-£„ for generating the 
second diffusion codes e^-e^ which are exclusive to the 
respective code channels, and multipliers Mi-M„. 

The first diffusion code d^ which has t>cen produced by 
the diffusion code generator D is inputted to multipliers 
Mi-M„. The second diffusion codes e^-Cn which have been 
produced by the diffusion code generators E^^^ are input- 
ted to the corresponding multipliers Mi-M„, respectively. 
The multiplier M| multiplies the inputted first diffusion code 
dx by the second diffusion code e^. and die mult^)lier 
multiplies the inputted first diffusion code d^ by the second 
diffusion code ej. Likewise, the multiplier M„ multiplies the 
inputted first diffusion code d, by the second diffusion code 
c„. As a result, die diffusion codes c^-c„ which are corre- 
sponding to the respective code channeb are outputted from 
the multipliers Mj-M^. 

In this case, the first diffusion code d^ contributes to the 
effect of alleviating a disturbance toward the other system, 
and tiie second diffusion codes e^-e^ contributes to the effect 
of alleviating an interference among the muitq>lexed code 
channels. The pseudo noise code (the PN code) which is 
represented by the maximum length linear shif) register 
sequence code (the M series code) is used as &e first 
diffusion code dj. and Ae PN code which is represented by 
the M series code cr die orthogonal code which is repre- 
sented by the WaMi code is used as the second diffusion 
codes ej-e„. In this connection, in the case where the 
orthogonal code is used as the second diffusion code, the 
interference among the code channels can be substantially 
alleviated, as is known from the feature of the orthogonal 
code. 

With the above configuration, in the transmitting ^ara- 
tus 20. the orthogonal phase signals (L Q) which are 
obtained from the information data SI are converted into the 
parallel data strings (Ii and Qx-I„ and QJ which arc 
corresponding to the number of the code chaimels, and die 
respective parallel data strings (I^ and Qi-I„ and arc 
multiplied by the diffusion codes (Cj-c^) which are exclu- 
sive to the respective code channels. Then, the respective 
parallel data strings which have been multiplied by the 
diffusion codes arc added in accordance with the distinction 
of orthogonal phases^ and this is converted into parallel data 
strings which arc corresponding to the number of the 
orthogonal carriers, and subjected to inverse Fourier trans- 
foimadon. As a result, in the transmitting apparatus 20. 
transmission is performed in such a manner that each bit of 
die infcnnation data SI is diffused throughout the frequency 
band (f^-fj as shown in FIG. 5, and plural bits are code- 
multiplexed widi respect to the respective orthogonal carri- 
ers (f,-f J. 

On the other hand, in the receiving apparatus 30, Ihe 
orthogonal phase components (li and Qi -t,' and Q„*) in the 
respective orthogonal carriers are extracted from the 
received base band signal S20, S21 by Fourier 
transformation, and then the extracted orthogonal phase 
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components (Ix' and Qi -V On') ^ accumulated in 
accordance with time series and converted into the serial 
signal strings (T. Q'), and this is separated in accordance 
with the number of the code channels, and multiplied by die 

5 diffusion codes (C|-c„) which are exclusive to the respective 
code channels (in other words, inverse diffusion is 
perf(smed). Then, the parallel signal strings which have 
been niultq)lied by the diffusion codes are respectively 
integrated to the amounts which correspond to the diffusion- 

10 code lengths, and the information data is recovered on the 
basis of those which have been integrated. As a result. In the 
receiving apparatus 30. the information data is recovered 
which had been diffused over the whole frequency band 
(fi~fn) and oodc-miUtiplcxcd with respect to the respective 

\5 orthogonal carriers. 

In this way. in tiie case of this embodiment. ea<di bit of the 
information data is diffused to all ordiogonal carriers as 
shown in FIG. 5 and then transmitted, as a result even 
though the energy of a part of the carriers is lost owing to 
frequency selective fading, attenuation value of the energy 
of each bit is little, and so it is able to alleviate remarkable 
degrading of the error rate. 

In this connection, in die case of the conventional system, 
eadi bit of the infomiation data has not been dlfiiised oyes 
the whole frequency band, but die enogy of one bit has been 
placed on only one carrier, as shown in FIG. 3; therefore, if 
energy of a certain carrier has been lost because of frequency 
selective fading, an error has been produced in the bit which 
is transmitted dirough the faded carrier, so tfiat the error rate 

^ has been degraded as a whole. 

In the case of this embodiment the codes {c^-<„) which 
are the products of the first diffusion code (dj whidi is 
common to the respective code channels and exclusive to 

3 J each system and the second diffusion codes (Cj-cJ which 
are exclusive to the respective code channels are used, as the 
diffusion codes which arc utilized for code multiplexing; as 
a result, interference among the different systems can t>e 
avoided by virtue of the first diffusion code, and interference 

^ among the code channels can be avoided by virtue of the 
second diffusion codes. 

Besides, in the case of diis embodiment plural bits are 
multiplexed toward the same carrier by code multiplexing, 
and the data rate is therefore easily changed without any 

45 conventional modification of a filter bandwidth etc. by 
changing the number of code-imiltiplexing (that is. the 
number of die code channels). 

According to the above configuration, each bit of the 
information data has been diffused to every orthogonal 

50 carriers, and the plural bits have been code-multiplexed with 
respect to each orthogonal carrier, as a result even though 
the case where frequency selective fading has occurred 
remarkable degrading of the error rate can be alleviated, and 
also in the case where the data rate is changed, the diange 

55 can be easily acconunodated. In this way. a communication 
system can be realized which is able to alleviate the perfor- 
mance deterioration due to frequency selective fading, and 
to easily cope with a modification of the data rate, retaining 
the advantages of die OFDM system. 

60 (2) The Second Embodiment 

In FIG. 9, which has the same reference numerals as FIG. 
6 on the portions corresponding to those of FIG. 6, the 
reference numeral 40 designates a transmitting apparatus of 
the second embodiment as a whole. In this transmitting 

65 a|^)aratus 40, an information data SI is inputted to a 
serial-parallel converter (S/P) 41. and then the information 
data SI is converted into parallel data strings, in accordance 



07/14/2004, EAST Version: 1.4.1 



5,757,766 

9 10 

with the number of code-multiplexing (that is, the nunobex of outputs it as a transmission signal S12. The transmission 

the code channels). This parallel data strings are inputted to signal S12 is inputted to a hi^-frcqucncy amplifier 7. 

serial-parallel converters (S/P) SPi-SP„ respectively, and amplified to the stated electric power in this place, and then 

then, at this places, converted into parallel data strings radiated on the air through an antenna 8. 

respectively, in accordance with ttic modulation multivalued 5 On die other hand, in FIG. 10, which has the same 

number (if BPSK then "1", if QPSK then '7", if 8-phase reference numerals as FIG. 7 on the portions corresponding 

PSK Ihen '*3'*, if 16QAM then "4"). to those of FIG. 7, a receiving apparatus of the second 

Modulators MODi-MOD„ respectively produce orthogo- embodiment Is shown. As shown in FIG. 10. in the receiving 

nal phase signals (Ij and Q|-I„ and which are corrc- apparatus 50, the received signal which has been received 

sponding to the stated modulation system, on the basis of the lO with an antenna 10 is anq)lified to tiie stated electric power 

inputted parallel dau strings. As an example, in the case by a high-frequency amplifier 11, converted into base band 

where the modulation system is QPSK, 4-phase inf OTroation signals 820. S21 by means of a frequency converter 31 . and 

is produced from 2-bit information. If the produced orthogo- then inputted to a Fourier transformer (FFT) 32. In this 

nal phase signal is represented in the form of | I-component, connection, the base band signals S20, S21 correspond to the 

Q-component], then it becomes any one of [1, IJ, (-1, 1], 15 orthogonal frequency multiplex signals SIO. Sll in the 

[-1. -I), and [ 1, -IJ. The orthogonal phase signals (Ij and transmitting apparatus 40. 

Qi-I„ and QJ which are outputted from the modulators The Fourier transformer 32 extracts orthogonal phase 

M0Di-MOD„ are inputted to multipliers (X/j andX^i-X/^ conqwncnts in tiie respective orthogonal carriers (I ' and 

and Xqv)' respectively. Qi'-^' and Q^') from the inputted base band signals S20, 

A diffusion code generator 21. which has the configura- 20 S21, and outputs the components to a parallel-serial con- 

tion shown in FIG. 8 like the first embodiment generates verter (P/S) 33. The parallel-seiial converter 33 converts the 

diffusion codes (c^-cj which have been differentiated from inputted orthogonal phase c<Mnponcnts (1/ and Qi'-I„* and 

each other and assigned to the respective code channels. The Q„') into serial signal strings. That is, in the paraUel-serial 

diffusion codes (Cj-c^ are supplied to the multipliers (X/i converter 33. conversion-to-scrial of the orthogonal phase 

and Xei-X,« and X^) respectively, and tfie ocAogonal 25 components (Ii' and Qi and Q^') is performed with 

phase signals (Ij and Qi-I„ and Q„) are multiplied, by the respect to the respective components, and then the orthogo- 

diffusion codes at respective code channels. In other words, nal phase con^nents T, Q' are outputted. 

the multiplier X^j multiplies the in-phase con^nent I^ by The orthogonal phase components T, Q* are separated in 

the difiusion code Ci, and die multiplier X^^t multiplies the accordance with the number of the code channels, and 

<ffthogonal component by the diffusion code CiJ The 30 supplied to multipliers (Y^ and Ygi-Y,„ and Y^). 

multiplier X/j multiplies the in-phase conaponcnt I3 by the A diffusion code generator 34» which corresponds to the 

diffusion code Cj, and the mult^lier X^ multiplies the difiusion code generator 21 of the transmission side and has 

orthogonal component by the diffusion code c^. The the configuration shown in FIG. S like the first embodiment, 

multiplier X/„ multiplies the in-phase conqwnent I„ by the generates diffusion codes (Ci-c„) which have been differen- 

diffiision code c„, and the mult^>lier X^ multiplies the 35 tiated fix)m each other and assigned to die respective code 

orthogonal component by the diffusion code c„. Thus, in channels. The difiusion codes (c^-c J are supplied to the 

a particular code channel, the itspccdvc components arc multipliers (Y/j and Yqi-Y/„ and Y^ respectively, and the 

multiplied by the same diffusion code. orthogonal phase components T, Q' are multiplied by these 

Theou^tsof thenmltipliers(X/iandXj2i-X,„andX^ diffusion codes respectively. That is, the multiplier Y/i 
are inputted to adders 22, 23 respectively in acc<vdance witii 40 multiplies the in-phase conoponent V by the diffusion code 
the distinction of orthogonal phases, and added. In other c^, and the multiplier Y^| imiltiplies tht orthogonal corn- 
words, in the adder 22, the ouq)uts of the multipliers ponent Q* by the diffusion code c^. The multiplier 
X/i-X,^, which are the I-con^>onents of the respective code multiplies the in-phase component T by die diffusion code 
channels, arc added; and in the adder 23, the ouQ)uts of the Cj, and tiie multiplier Y^ mult^lies the orthogonal com- 
multipliers Xgi-X^, which are the Q-components of the 45 ponent by the diffusion code Cj. Besides, the multiplier 
respective code channels, are added. Y/„ nuiltipUes the in-phase conaponent T by the diffusion 

The output of the adder 22 is inputted to a serial-parallel code c„, and the multiplier Y^ multiplies the ortiiogonal 

converter (S/P) 24. and converted, into parallel data strings conqwnent Q' by the diffusion code c„. Thus, the orthogonal 

in accordance with the number of the oftiiogonal carriers, phase conqx>nents T. Q* are multiplied by the diffusion codes 

and then supplied to an inva-se Fourier transformer (IFFT) 50 which are exclusive to the respective code channels. 

25 as the I-coroponents of the respective orthogonal carriers The outputs of the mult^)licrs (Y and Y^^-Y/^ and Y^ 

of OFDM. arc respectively inputted to integrators Zi-Z„ in accordance 

On the other hand, the ou^ut of the adder 23 is inputted widi the distinction oi code chaimels, and then, in tills place, 
to a serial-parallel converter (S/P) 26, and converted, in tiiis integrated to die amounts which correspond to the diffusion- 
place, into parallel data strings in accordance with the 55 code lengths, in accordance with the distinction of code 
number of orthogonal carriers, and then supplied to the channels. In this case, die respective integrators Z,-Z„, 
inverse Fourier transformer 25 as the (J-components of the which have the configuration of 2-lnputs and 2-outputs. 
respective orthogonal carriers of OFDM. integrate tiiat whidi have been inputted, and tiien output 

The inverse Fourier transformer 25 produces orthogonal them, independenUy. 

fi-equency multiplex signals SIO, Sll firom the supplied 60 The results of integration of the respective code channels, 

phase information of the re^)ective orthogonal carriers (that which are outputted from the integrators Z^-Z^. are inputted 
is. the orthogonal phase con^wnents whidi are composed of to demodulators DEMi-DEM„ respectively, and then, in this 

the I-components and the Q-components), and outputs the place, demodulated in accordance with the distinction of 

ortiiogonal frequency multiplex signals SIO, Sll to a fire- code channels. At this point, parallel data strings of plural 

qucncy converter 27. The frequency converter 27 converts 65 bits (for instance, if it Is BPSK then 1 bit. if QPSK then 2 

the inputted orthogonal frequency mult^)lcx signals SIO, bits, if 8-phase PSK tiicn 3 bits, if 16 QAM then 4 bits) are 

Sll into a signal of the desii^ carrier frequency band, and outputted from the demodulators DEMi-DEM„ in accor- 
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dance with tiic moduladoa multivalued number (in other 
words, information symbols are outputted). The results of 
demodulation of the demodulators DEMi-DEM„ axe 
respectively inputted to parallel-serial converters (P/S) 
PSi-^*S„, and coaveited into serial data strings in accor- 
dance widi the distinction of the code channels. 

The results of demodulation of respective code channels 
which have been convated into the serial data strings by the 
parallel-serial converters PSj-PS„ are inputted to a parallel- 
serial converter (P/S) 51 respectively, and then converted 
into a serial data string, in this place. Hereby, the informa- 
tion data S4 which is corresponding to the iiiformation data 
SI of the transmitting side is obtained 

In this connectioo. in the case where the modulation 
system is BPSK. the output of the demodulators 
DEMi-DEM„ are serial data strings, so there is no need of 
parallel-to-serial conversion, and the parallel-serial convert- 
ers PSi-PS„ arc not required. 

V/i\h the above configuration, in the transmitting ^ara- 
tus 40, the information data SI Is converted into the paralld 
data strings in accordance with the number of the code 
channels, and then the orthogonal phase signals (I| and 
Q^-I^ and Q„) are produced from the respective parallel data 
strings. Then, the orthogonal phase signals (I^ and Qi-I„ and 
<J^ arc multiplied by the diflfusion codes (c^-cj which are 
exclusive to the respective code channels, and the respective 
parallel data strings which have been multq>lied by the 
diffusion codes are added in accordance with the distinction 
of the orthogonal phases, and this is converted into parallel 
data strings which are conresponding to the number of the 
orthogonal carrio's, and subjected to inverse Fourier trans^ 
formation. As a result, in the transmitting apparatus 40. 
transmission is performed in such a manner (hat each bit of 
the information data SI is diffused over the whole frequency 
band (fi-f J as shown in FIG. 5, and the plural bits are 
code-nmltiplexed toward each orthogonal carrier (f i-f J. 

On the other hand, in the receiving apparatus 50, the 
orthogonal phase con^xments (1/ and Qj -V and Q„') in the 
respective orthogonal carriers are extracted from the 
received base band signals S20. S21 by Fourier 
transformation, and then the extracted orthogonal phase 
conqwnents (1/ and Qi'-I„' and Q^') are accumulated in 
accordance wi^ time series and converted into the serial 
signal strings (T, Q*), and this is separated in acoH-dance 
the number of the code channels, and muh^Ued by the 
diffusion codes (Ci-c^ which are exclusive to the respective 
code channels (in other words, inverse diffusion is 
performed). Then, the parallel signal strings which have 
been multiplied by the diffusion codes arc respectively 
integrated to the amounts which correspond to the diffusion- 
code lengths, demodulated In accordance with the distinc- 
tion of the code channels on the basis of those which have 
been integrated, and subjected to parallel-serial conversion 
ultimately so that the information data is obtained As a 
result, in the receiving apparatus 50, the Inframation data is 
recovered which had been diffused over the whole frequency 
band (fi-f„) and code-multiplexed toward the respective 
orthogonal carriers. 

In this way, also in the case of this embodiment, because 
each bit of the information data is diffused to all orthogonal 
carriers and Chen transmitted, even though ffie energy of a 
part of the carriers is lost owing to frequency selective 
fading, attenuation value of the energy of each bit is little, so 
that it is able to alleviate remarkable degrading of the error 
rate. 

Besides, also in the case of this embodiment because the 
plural bits are multiplexed onto the sante carrier by code- 
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mult^exing, the data rate can be easily changed without a 
conventional modification of the frequency band of the Alter 
and so on, by changing the number of code-multiplexing 
(that is. the number of the code channels). 

5 According to the at>ove configuration, each bit of the 
information data has been diffused to all orthogonal carriers, 
and the plural bits have been code-mult^)lexed toward each 
orthogonal carrier, as a result, even though frequency selec- 
tive fading has occurred remaricable degrading of the error 

10 rate can be alleviated and changing of the data rate can be 
easily accommodated In this way. a communication system 
can be realized which is able to alleviate the performance 
deterioration due to frequency selective fading, and to easily 
cope with a modification of ffie data rate, retaining the 

IS advantages of the OFDM systeno. 
(3) The Other Embodiments 

In the first cmboduncot. the modulator 3 is provided on 
the preceding stage of the serial-parallel converter 4 in the 
transmitting apparams 20, and the orthogonal phase signals 

20 I and Q which arc produced by the modulates 3 are con- 
vetted Into parallel data in acco-danoe with the number of 
code channels. However, the present invention is not limited 
to this but the same effects as the above can be also obtained, 
by such a configuration that the modulator is provided on the 

25 succeeding stage oi the serial-parallel converter 4 for each 
code channel, and the orthogonal phase signals are produced 
after the sq;)aration into the code channels. 

In the first embodiment, the demodulator 15 is provided 
on the succeeding stage of the parallel-serial converter 14 in 

30 the receiving ^iparatus 30, and the orthogonal phase com- 
ponents of the req>ective code channels are accumulated in 
accordance with time scries and then demodulated. 
However, the present invention is not limited to this but the 
same effects as the above can be also obtained, by such a 

35 configuration that a demodulator is provided on the preced- 
ing stage of the parallel-serial converter 14 for eadi code 
channel (in other words, demodulators are provided on tiie 
succeeding stage of the integrators Zj-^, one for each), 
and, affer demodulation on each code channel, accumulating 

40 in accordance with time series is performed 

Besides, in the above-described embodiments, both the 
number of the orthogonal carriers and the number of code 
channels are n, however the present invention is not limited 
to this but the same effects as the above can be also obtained. 

43 by such a configuration that the number of the orthogonal 
carriers and the number of code channels are different 

While there has been described in connection with the 
preferred embodiments of the invention, it will be obvious 
to those skilled in the art that various changes and modifi- 

50 cations may be aimed therefore, to cover in the appended 
claims all such changes and nKKlifications as fall within the 
true spirit and scope of the invention. 
What is claimed is: 

1. In a communication system having a transmitter for 
55 conuminicating an input information bit string with a 
receiver using plural orthogonal carriers that are mutually 
orthogonal, said transmitter comprising 
an orthogonal frequency multiplex signal generator 
including a first serial-to-paialiel converter converting 
60 the input information bit string into a plurality of 
parallel data strings in accordance with a number of 
code channels to be transmitted a modulator for pro- 
ducing orthogonal phase signals from said parallel data 
strings from said fii^t scrial-to-parallel converters, plu- 
65 ral second seriai-to-parallel convertors for convCTting 
the orthogonal phase signals from said modulator into 
parallel dau strings, a diffusion code generator for 
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geaerating dlffusioD codes exclusive to said dianncls 
and multiplied, respectively, therewith, first and second 
adders for adding results of the multiplicatioD in accor- 
dance with the oithogonai phases, respectively, third 
and fourth serial-to-parallel convotors for distributing 3 
orthogonal phase components output from said lirst and 
second adders among said respective orthogonal 
cairicrs, respectively, thorny diffusing energy of each 
bit of the input information bit string throughout all 
frequency bands of said plural orthogonal carders, and lo 
means for multiplexing the energy of plural bits of the 
information bit string with respect to said each ortiiogo- 
nal carrier 

2. In a conununication system having a receiver for 
commuoicating an input information bit string with a trans- 15 
mitter using plural orthogooal carriers which arc mutually 
orthogonal, said receiver comprising: 

means for receiving an wthogonal frequency multiplex 
signal including an energy difitjsion circuit for diffus- 
ing energy of each bit <rf the infMmation bit string 20 
being transmitted duoughout all frequency bands of 
said plural orthogonal carriers and for multiplexing die 
energy of plural bits wldi respea to said each orthogo- 
nal carrier; 

an orthogonal phase components extracting circuit for ^ 
extracting the orthogonal phase components of said 
respective orthogonal carriers from said orthogonal 
frequency multiplex signal received in the energy dif- 
fusion circuit; and 

30 

a bit string demodulating circuit for accumulating the 
orthogonal {^ase components extracted in the orthogo- 
nal phase con^K}nents extracting circuit in aco^daDce 
with a time series, for performing inverse diffusion with 
respect to each bit, and for demodulating it to recover 
said information bit string. 

3. In a communication system for conmuinicating an 
input information bit string between a transmitter and a 
receiver using plural orthogonal cacrien wtiich are mutually 
orthogonal, said transmitter oonqnising: ^ 

a first scrial-paralld converter for converting the ii^tted 
inf<amation bit string into parallel data strings in accor- 
dance with a modulation multivalued nimibcr; 

a modulator for producing orthogonal phase signals on the 
parallel data strings output fit»n said first seiial-parallel 45 
conveita; 

a second serial-parallel converter for converting said 
orthogonal phase signals ou^ut from said modulator 
into parallel data strings in accordance with a number 
of code channels to be transmitted; ^ 

a diffusion code generator for generating diffusion codes 
conesponding to the respective code diannels; 

plural multipliers for multiplying the parallel data strings 
output from said second serial-parallel converter by the 
diffusion code generated by said diffusion code gen- 
erator; 

fint and second adders for adding results of multiplication 
of said plural multipliers in accordance with the 
orthogonal phases of the orthogonal phase signals, ^ 
respectively; 

third and fourth serial-parallel converters for distributing 
respectively orthogonal phase components output from 
said first and second adders among said respective 
plural orthogonal carriers; and 65 

an orthogonal frequency multiplex signal circuit for pro- 
ducing an orthogonal frequency multiplex signal on the 
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basis of the orthogonal phase components distributed 
by said third and fourth serial-parallel converters. 
4 The transmitter according to claim 3, wherein 
said modulator is provided, for each code dianneL on a 
subsequent stage f<nned of said second serial-parallel 
converter. 

5. In a communication system for commuDicadng 
between a transmitter and a receiver using plural orthogonal 
earners which are mutually orthogonal said receiver com- 
prising: 

means for receiving a signal transmitted by the transmitter 
and including an orthogonal [Aase components extract- 
ing circuit for extracting orthogonal phase coiiqK>ncnts 
in said each or&ogonal carrier respectively, on the basis 
of an orthogonal frequency mult^lex signal contained 
in a base-band signal transmitted by said transmitter; 
a first parallel-serial converter for converting plural 
orthogonal phase components output from said 
orthogonal phase components extracting circuit into a 
first serial signal string; 
a diffusion code generator for generating diffusion codes 
corresponding to respective transmitted code chaimels; 
plural multq)liers for multiplying the serial signal string 
output from said first parallel-serial converter by the 
dif^sion codes generated by said diffusion code 
generator, respectively; 
plural integrators for adding up results of multiplications 

of said multipliers, respectively; 
a second parallel-serial converter fcH" converting results of 
integration output from said plural integrators into a 
second serial signal string; 
a demodulator for recovering information symbols from 
the orthogonal phase signals output from said second 
parallel- serial converter; and 
a third parallel-serial converter for converting the infor- 
mation symbols ou^ut from said demodulator into a 
third serial data string for producing a received infor- 
mation bit string. 

6. The receiver according to daim 5, wherein 
said demodulator is provided, for every code channel, on 

a preceding stage of said second parallel-serial con- 
verter: 

7. The transmitter according to claim 3. wherein 
said diffusion code generator includes: 

a first diffusion code generator for generating a first 
diffusion code which is exclusive to each communi- 
cation system; 
a second diffusion code generator for generating second 
diffusion codes which are exclusive to the respective 
code channels, and 
means fot multq>lying said first diffusion code by said 
second diffusion codes which are exclusive to the 
respective code channels, thereby generating the 
diffiision codes cofrespooding to the respective code 
channels. 

8. The transmitter according to claim 7, wherein 
said first diffusion code generator generates a pscudo 

noise code, which is represented by a maximum length 
linear shift register sequence code, as said first diffusion 
code. 

9. The transmitter according to claim 7. wherein 
said second difiiision code generator generates a pseudo 

noise code, whidi is represented by a maximum length 
linear shift register sequence code, as said second 
diffusion code. 
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10. The transmitter accordiag to claim 7, wherein 

said second diffusion code generator generates an 
orthogonal code, as said second diflfusion code. 

11. In a conmiunication system for communicating 
between a transmitter and a receiver using plural oitiiogonal ^ 
carriers which are mutually oithogonal. said transmitter 
comprising: 

a first scrial-parailcL converter for converting an input 
information bit string into parallel data strings in accor- 
dance with a number of code channels to be transmit- 
ted; 

plural second serial-parallel converters for converting the 
parallel data strings output from said first serial-parallel 
converter into parallel data strings in accordance with 
a modulation multivalued number, respectively; 

plural modulators f<^ producing orthogonal phase signals 
from said parallel data strings from said second serial- 
parallel converters; 

a difiiision code generator for generating diffusion codes 20 
corresponding to the req[>ective code channels; 

plural multipliers for multiplying the orthogonal phase 
signals ou^>ut from said plural modulators by the 
diffusion codes generated by said diffusion code 
generator, respectively; 

first and second adders for adding results of multiplication 
of said plural multipliers in accordance with the 
orthogonal phases, respectively; 

third and fourth serial-parallel converters for distributing ^ 
orthogonal phase coiiqx)nents output from said first and 
second adders among said respective orthogonal 
carriers, respectively; and 

an orthogonal frequency multiplex signal circuit for pro- 
ducing an orthogonal frequracy multiplex signal on the 35 
basis of the orthogonal phase con^ncnts from said 
third and fourth serial-parallel converters. 

12. The transmitter according to claim 11, wherein 
said diffusion code generator includes: 

a first diffusion code generator for generating a first 40 
diffusion code exclusive to each communication 
system; and 

a second difiusion code generator for generating second 
diffusion codes exclusive to tiic respective code 
channels, and 45 

means for mult4)lying said first difi^ision code by said 
second diffusion codes which are exclusive to the 
respective code channels, thereby generating the 
diffusion codes corresponding to the respective code 
channels. 



25 



13. The transmitter according to claim 12. wherein 
said first diffusion code generator generates a pseudo 

noise code, represented by a maximum length linear 
shift register sequence code, as said first diffusion code. 

14. The transmitter according to claim 12, wherein 
said second diffusion code generator generates a pseudo 

noise code, represented by a maxinumi length linear 
shift register sequence code, as said second diffusion 
code. 

15. The transmitter according to claim 12. wherein 
said second diffusion code generator generates an 

orthogonal code, as said second diffusion code. 

16. In a communication system for conmiunicating 
between a transmitter and a receiver using plural orthogonal 
earners which arc mutually c»1hogonaL said receiver com- 
prising: 

an orthogonal phase components extracting circuit for 
extracting respectively orthogonal phase components 
in said respective orthogonal carriers, on the basis of an 
orthogonal frequency multiplex signal contained in a 
base-band sigiial obtained by reception of a signal 
transmitted from said transmitter; 

a first parallel-seria] converter for converting plural 
orthogonal phase con^onents output from said 
orthogonal phase Q^mponents extracting circuit into a 
first serial data string; 

a diffusion code generates for generating diffusion codes 
corresponding to the respective code dtarmels; 

plural multipliers for multiplying the first serial data snring 
ou^t from said first parallel-serial converter by the 
di^sion codes generated by said diffusion code gen- 
erator respectively; 

plural integrators for adding up results of multiplications 
of said plural multipliers, respectively; 

plural demodulators for recovering infomiation symbols 
for each code channel respectively, on the basis of 
results of integration ou^ut from said integrators; 

plural second parallel-serial converters for converting the 
information synibols ou^ut from said demodulators 
into a second serial data string, and for producing 
infonnation bits for the respective code channels; and 

the third parallel-serial converter for converting the infor- 
mation bits ou^t from said plural second parallel- 
serial convoters into a third serial data string, and for 
t^odudng a received information bit string. 
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